impulses that the same conducting path in the centre could be used by impulses arriving by different routes, but that it could not be so used concurrently, i.e., the first arriving impulse inhibited the passage of the later arriving. This might explain the sound being localized to the side on which the sound impulses had a lead-in phase, even though the nerve impulses did not correspond in number and distribution to the actual phases of the sound waves exciting them.
With regard to the perception of intensity of sound, it seemed to be generally assumed that there were two rival, and mutually exclusive, theories of intensity. One was Adrian's, according to which the intensity was determined by the number of nerve impulses sent off in unit time. This was based on brilliant experimental work. The other, attributed by one speaker to Boring, was purely an arbitrary deduction from Adrian's " all or nothing " law. It was supposed that each increment of intensity corresponded with the excitation of an additional nerve fibre by the spreading of the disturbance along the basilar membrane. There was no reason why both of these should not be true. The number of impulses sent to the brain centres would be the sum of those sent through the individual nerves excited, and the intensity of the sound would be determined both by the number of impulses sent by each nerve and the number of nerves that were being stimulated.
Dr. ALBERT A. GRAY said that Mr. Tucker had spoken of one theory as Helmholtz's; in reality it was Cotugno's. That suggesting the spread of stimuli from single fibres laterally to the others had been spoken of as Hartridge's theory; it was not Hartridge's, but his (the speaker's).
Mr. TuCKER (in reply) said that Mr. Wilkinson had not expressed any opinion which he (the speaker) was unable to accept. In answer to Dr. Gray he apologized for attributing to Hartridge, instead of to Dr. Gray himself, the assumption of the extension of excitation of the fibres of the basilar membrane with increase in loudness of the sound.
The Application of the Principle of Maximum Stimulation to Clinical Otology.
By ALBERT A. GRAY, M.D.
DISTURBANCES in the correct perception of tones, although not very common, have been recorded from time to time by a number of otologists. Such cases, however, are probably not so rare as is supposed, owing to the fact that for their proper examination a careful investigation with suitable tuning-forks, or other very accurate testing instruments, is necessary. This examination takes more time than many busy otologists have at their disposal. Furthermore, the symptoms complained of usually, though not always, pass away after a short time; and, unless the patient is particularly interested in music, the disturbance does not usually affect the hearing power very seriously. In the case described below the patient possessed a naturally acute musical ear and had had a thorough training in music.
In the following pages the writer intends to describe two such conditions: (1) paracusis dysharmonica monauralis, and (2) diplacusis monauralis. A case of the first of these conditions observed by the writer himself will be described, while the second condition will be illustrated brieflv by reference to a case of Prof. BrArAny. (BAra%ny, Acta Oto-Laryngologica, xii, fasc. 1 and 2, p. 11.) It appears to the present writer that these conditions can be explained by the application of the principle of The hearing power is apparently normal in both ears so far as the watch and the human voice are concerned. The patient, however, finds a mixed conversation very confusing. On testing the right ear with the tuning-forks, it is found that the lowest notes of the scale, although heard, are not heard as musical tones, but as buzzing sounds. On proceeding a little higher up the scale it is found that when fa2 (170 v.d.) is reached, the sound of the forks becomes musical in character. But the interesting fact is that, although it becomes musical in character, the note is heard incorrectly, and the patient recognizes that she hears it exactly a semitone higher than in the left (normal) ear. On passing still a little further up the scale, the pitch of the note as heard by the right ear, gradually approximates more and more closely to the correct note, until on reaching fa3, the pitch of the note is heard the same in the right ear as in the left (normal) ear. The hearing of all the notes above this pitch is also correct. The hearing in the left ear is normal in every respect.
The disturbance began four months before the examination just recorded. There was no history of rheumatism or influenza, but the patient's health had been badly run down for a considerable time before the trouble in the ear began. Inflation by a catheter improves the hearing temporarily.
The patient was seen on June 21, 1928, by Mr. Cleminson and she stated that since the above report was made she had suffered from two rather mild attacks of vertigo.
In this and similar cases the problem before us is to explain the occurrence in one ear of a disturbance which caused the pure tones of the tuning-forks in the lower portions of the scale to be converted into a buzzing noise of deep pitch, and at a certain point a little higher in the scale, to be heard as a musical sound of a definite pitch, that pitch being, not the correct note, but one a semitone too high.
And finally, employing tuning-forks still a little further up the scale, the pitch of the note as heard by the patient gradually approximated to the real note of the fork; ultimately the real note and the note as heard by the patient coincided.
In the first place, it is necessary to clear the ground by ascertaining, in a general way, the locality of the pathological disturbance. Obviously the lesion must be below the decussation of the fibres of the cochlear nerve in order to account for the fact that one ear was perfectly normal in every respect. Further, the disturbance could not be in the medulla or in the stem of the eighth nerve, because in such a case it could not have been improved by inflation of the middle ear. Next, although in all probability the middle ear is affected to some extent by a catarrhal or other process, yet middle-ear disease could not per se give rise to the condition, because, amongst other reasons, attacks of vertigo were present. There appears, indeed, to be no doubt that the vertigo and the disturbances of the hearing arose from some interference with the tension in the labyrinth resulting from the middle-ear catarrh, and, perhaps, also influenced to some extent by lack of tone in the vasomotor system of the labyrinth brought about by the long continued low state of health of the patient. By a process of exclusion, therefore, we may safely infer that the disturbance of hearing was due to a lesion in the cochlea.
Until recently there has been no serious attempt to give an explanation on physiological or pathological grounds of such cases. In the following pages the writer hopes to show that, by the application of the principle of maximum stimulation, their occurrence may be quite readily explained. It is important to point out, however, that the reader should understand what is meant by that principle and its application to the normal physiology of hearing. Those who are not already familiar with it should consult the original paper by the present writer (Gray, Journal of Anatomy and Physiology, vol. xxxiv, p. 324, 1900) , and his more recently published work on the subject in " The Mechanism of the Cochlea " (Wilkinson and Gray, London, 1924) , -and in the Acta Oto-Laryngologica. Another paper which will help the reader to understand the subject is that published by Barany (Barany, Acta Oto-Laryngologica, vol. xii, 1 and 2, p. 11).
It is further necessary to remember the anatomical distribution of the nervefibres to the organ of Corti. Any given segment of the organ of Corti is supplied not only by fibres running out from the nerve-cells of the ganglion spiral immediately opposite, but also by fibres from ganglion cells at a considerable distance, both above and below the given segment. This is shown diagrammatically in fig. 1 . llS 1469
In his original paper, referred to above, the present writer expressed the view that a noise, as distinguished from a musical sound, was brought about by the equal stimulation of a number of nerve-fibres (or, to speak more accurately, of peripheral sensory receptors) in too close an approximation to one another to permit of analysis into individual maximum points of stimulation. Consequently, although noises have a pitch relative to one another, we cannot analyse the noise into the constituent musical notes of which it is actually composed. In the present case, however, the problem is the converse, that is to explain how the pure tone of a tuning fork is transformed into a buzzing noise. It is interesting to observe that BArAny (loc. cit.) has already discussed this matter, and has employed the principle of maximum stimulation to explain the phenomenon in much the same way as the present writer does in the present paper.
Let us suppose the basilar membrane to be stretched out straight and that a vertical section be made along its length, so that its fibres would be cut transversely across ( fig. 1 ). If a tuning-fork of pitch, say ut2 (128 v.d.), were sounded, then the portion of the basilar membrane which vibrates may be represented diagrammatically by the space between A and C; and the point at which the maximum amplitude of movement takes place will be at F; and consequently if the nerve structures and organ of Corti are healthy, the point of maximum response to stimulation will coincide with this point of maximum amplitude of movement. The resulting sensation The white circles represelnt healthy nerve fibres, the black circles diseased ones.
is that of a single pure musical tone. No other sound is heard, in spite of the fact that a considerable number of nerve-fibres above and below the point of maximum stimulation are stimulated to above the threshold of stimulation.
But let it be supposed that a minute lesion has occurred, affecting a few small bundles of nerve-fibres on their passage outwards from the-ganglion spirale. Such a lesion might be a minute hemorrhage, or merely the stagnation of blood in some of the capillaries supplying a bundle of nerve-fibres. Then the conditions for normal hearing would be altered because some of the nerve-fibres would no longer be able to permit of the passage of the nerve-impulse. The result would be that a portion of the organ of Corti would receive a nerve supply consisting of healthy and diseased nerve-fibres mixed together, because of the anatomical distribution of the nerve-fibres described above and illustrated diagrammatically in fig. 1 . If the affected region was in the upper portion of the cochlea there would be disturbance of hearing for the low notes, such as occurred in the case described. Now under these circumstances, the result of sounding any tone whose vibration frequency agreed with that of any of the fibres of the basilar membrane which was in the region supplied by the mixture of healthy and diseased nerve-fibres, would be quite different physiologically from that occurring when all the nerve-fibres were healthy. Thus, if, as before, the note ut.2 were sounded, the basilar membrane would vibrate as before, and there would be one point of maximum amplitude of movement at the same place as before. But the physiological response of the peripheral sensory structures (organ of Corti and nerve-fibres supplying it) would be quite different. When the nerve is healthy there would be one point of maximum stimulation, F in fig. 1 , corresponding in position to the point of maximum amplitude of movement of the basilar membrane. But when some of the nerve-fibres are functioning and others are not, the two kinds being intermingled with one another, then there will not be a single point of maximum response to stimulation, but there will be a number of such points; there being one such point wherever a single healthy nerve-fibre exists, or where perhaps two or three healthy nerve-fibres are adjacent to one another.
Now, as has just been pointed out, according to the writer's view, when this occurs, the sensation of a noise, as distinguished from a musical tone, is aroused in our consciousness. Under normal conditions, of course, the number of points of maximal stimulation is produced by the occurrence in the air of a number of tones close to one another in pitch. In the abnormal circumstances which are present in the case reported, a simple pure tone in the air produces numerous points of maximal response to stimulation close together in the organ of Corti owing to the inability of a number of nerve-fibres to respond to the stimulus. This allows the intervening healthy nerve-fibres to form a number of points of maximum response to stimulation so close to one another in position that they cannot be distinguished as separate points.
In other words, the sensation of a noise, as distinguished from a musical sound, is produced in the normal ear by combining externally in the air a number of pure tones so near to one another in pitch that the resulting maximum points of stimulation in the organ of Corti are too close to one another to be physiologically distinguishable. In the diseased ear in this case, on the other hand, a single pure tone brings into existence a number of points of maximum response to stimulation, because although there is only one maximum point of movement of the basilar membrane, yet, owing to the inability of many nerve-fibres to respond, there occur a number of maximum points of response to stimulation so close to one another as to be indistinguishable. The production of the sensation of a low-pitched noise by means of the pure single musical tone of a tuning-fork, in these cases, is thus explained.
The next problem is to explain the fact that on gradually ascending the musical scale with the tuning-fork, a point was reached at which the sound became musical in character. But the remarkable fact was that, although the sound of the fork had become musical, it was heard as though it were of a pitch different from that which it really was. In the patient's healthy ear the note of the fork was, of course, heard correctly, but in the diseased ear she heard it a semitone too high. The poirnt in the musical scale at which this occurred was fa2 (f. in the German notation, 170 v.d.), which was heard a semitone higher than its real pitch; that is to say the patient heard it as if it were a note of 181 v.d.
The explanation of this curious fact may also be found by the application of the principle of maximum stimulation. In fig. 1 , as was shown above, when the note ut2 was sounded on the tuning-fork, the portion of the basilar membrane A.C., which responded in sympathetic vibration, supported a segment of the organ of Corti which was supplied throughout its whole extent by healthy and diseased nerve-fibres intermingled. But supposing a note somewhat higher in the scale is sounded, then a portion of a basilar membrane a little further down the cochlea responds in sympathetic vibration ( fig. 1) . A large portion of the organ of Corti on this segment of the basilar membrane is still in the region which is supplied by an intermingled mixture of healthy and diseased nerve-fibres. But at the lower extremity of the vibrating segment there is a small portion of the organ of Corti which is supplied throughout by a succession of healthy nerve-fibres; in fig. 1 this portion is that contained between the letters C and D. In this portion, therefore, a maximum point of stimulation (or, more correctly expressed, a nmaximum response to stimulation) can occur sufficiently distant from the nearest other maximum points of stimulation to be distinguished physiologically as a separate point. Consequently we are conscious of a simple pure tone of a certain pitch, the pitch being determined by the position in the basilar membrane at which the maximum response to stimulation occurs. This, therefore, is the explanation of the fact that, in the case of this patient, on passing up the musical scale by means of a series of tuning-forks, a point was reached at which the tuning-fork no longer produced merely the sensation of a low buzzing noise, but produced instead, the sensation of a pure musical tone. This point in the scale occurred at fa2. Now, however, there remains to be explained perhaps the most interesting fact in this patient's case, that although the fork of pitch fa2 (170 v.d.) produced the sensation of a musical sound, yet she did not hear the note at its real pitch, as she did in the healthy ear. In the diseased ear she heard the note fa2 as if it were a semitone higher than that note. In other words, instead of hearing a note of a vibration frequency of 170 v.d., which it really was, she heard it as if it were a note of 181 v.d. The explanation of this fact is again to be found in the principle of maximum stimulation. Under normal physiological conditions the point of maximum movement of the basilar membrane coincides with the point of maximum response to stimulation. But whenlthe functions of the cochlear nerve are disturbed in the manner suggested in this case, the maximum point of response to stimulation, as has just been shown, does not coincide with the point of maximum movement of the basilar membrane, but occurs a little lower down. Thus, in this case, when the note fa2 was sounded, the point of maximum movement of the basilar membrane would be at G. On the other hand, the point of maximum response to stimulation, sufficiently distant from the nearest other point of maximum response to be distinguishable as a separate point, would' be at H, which is some little distance further down the basilar membrane. Hence the note fa2 is heard by the patient a little higher (i.e., a semitone higher) than it really is.
Finally, in this case there remains to be explained the fact that on proceeding gradually up the musical scale from fa2, the note of the tuning-fork, which is heard a semitone too high at that level, gradually in the patient's sensations approximates more and more closely to the correct tone, until at the level of fa3 the note is heard perfectly correctly as it is in the left (normal) ear. In view of what has been described above the explanation of this fact is almost self-evident. As the pitch rises, the portion of the basilar membrane which vibrates in sympathetic resonance becomes situated a little further and further down the cochlea. Hence the portion of the organ of Corti which undergoes stimulation is associated more and more with a series of healthy nerve-fibres, and with fewer and fewer of the diseased ones. Consequently the point of maximum movement of the basilar membrane approximates more and more closely to the maximum point of response to stimulation, until ultimately these points coincide, and then the note is heard correctly. This occurs at the point K in fig. 1 , and the level in the musical scale at which it occurs in the present case is fa3. All the notes in the scale above that level were heard correctly as in the normal (left) ear. In this case of paracusis dysharmonica, therefore, we are able to explain completely the curious association of symptoms by means of the application of the principle of maximum stimulation; and I think it probable that other examples of that condition can be explained in the same way. Diplacusis Monahuralis.-A condition similar to but rarer than paracusis dysharmonica monauralis, is that known as diplacusis monauralis. In this affection when the pure simple tone of a vibrating tuning-fork of a certain pitch is held opposite the diseased ear, the patient, instead of hearing one note, hears two notes of slightly different pitch. One, at least, of these notes must of course be heard incorrectly, and probably both are so heard. No satisfactory explanation of this condition was known until Bar.Any,l applying the present writer's principle of maximum stimulation, showed that the phenomenon admitted of a quite satisfactory explanation, and one very similar to that first given to account for the phenomenon of paracusis dysharmonica. It is not therefore necessary now to give a highly detailed explanation of diplacusis monauralis since that has already been done by Barany. Moreover, if the reader has followed the explanation of paracusis dysharmonica given by the writer, he will have no difficulty in understanding the explanation of diplacusis; and, further, he will be able to appreciate the fact that diplacusis is only a special case of paracusis dysharmonica.
Let it be supposed that two or three adjacent nerve-elements (rows of hair-cells with their associated nerve-fibres) have ceased to function. Then when the portion of the basilar membrane with which these nerve-elements are associated is set in vibration by the appropriate tone there will be no response so far as these nerveelements are concerned. But even if a pure tone corresponding in pitch to that region of the basilar membrane is employed, the portion of the latter which is set in vibration may be much more extensive than the portion associated with the diseased nerve-elements. Hence, the healthy nerve-elements on each side of the diseased area will respond to the stimulus, and there will occur a maximum point of response on each side of the diseased area (fig. 2) . Thus, although there is only one White circles = healtby nierve fibres. Black circlesdiseased nerve fibres. point of maximum movement of the basilar membrane, there are two points of maximum nerve-response to the stimulation, and, as a result, two notes appear to be heard by the patient, although, of course, only one is really produced by the tuning-fork. According to this view, therefore, diplacusis monauralis is merely a special case of paracusis dysharmonica. In the former the lesion is so small in extent that the affected portion of the organ of Corti is smaller in extent than the portion of the basilar -membrane which is set in vibration by a single pure tone. In paracusis dysharmonica, on the other hand, the region affected will be greater and may be of varying extent. Further, in the case of diplacusis the lesion probably lies nearer the organ of Corti than in the case of paracusis dysharmonica. Now in the present state of our pathological knowledge of the organ of hearing, it is impossible to say with certainty what particular portion of the cochlea is involved. Of course, assuming the resonance theory of hearing to be correct, then we can say that if the disturbance of hearing is in the lower part of the scale, the lesion will be towards the apical portion of the cochlea, and so on. But the writer means something different from that, viz-., in what individual part of the nerve-tract is the lesion likely to be ?
It appears probable that the lesion will be in the ganglion spirale, or, more probably still, peripheral to it, that is to say, in the nerve-fibres running from the ganglion spirale to the organ of Corti, or even in the latter structure itself. In the case of diplacusis, the lesion would probably be found close to the organ of Corti, whereas in the case of paracusis dysharmonica, it would also be distal to the ganglion spirale but not so close to the organ of Corti as in diplacusis. It is not probable that a lesion in the course of the cochlear nerve in the modiolus or central to it could produce such limited effects as the symptoms described. On the other band, a minute htmorrhage or a mere locally defective capillary blood-supply, or other minute lesion, could easily affect a very small portion of the nerve-structures when they are spread out in the bony spiral lamina and organ of Corti.
In the preceding pages it has, of course, been assumed that the structure which acts as a sympathetic resonator is the basilar membrane. But according to some investigators the tectorial membrane acts the part of the sympathetic resonator. Whichever view may ultimately be found correct, the principle of maximum stimulation is equally applicable to both, and the explanation given in this paper to account for the occurrence of such cases of paracusis dysharmonica monauralis and diplacusis monauralis, remains the same, independently of the structure which acts as the sympathetic resonator, whether it be the basilar membrane or the tectorial membrane.
Discussion.-The PRESIDENT said he thought that there were two difficulties with regard to Dr. Gray's very interesting theory, though probably both could be explained away. Probably many Members had seen cases of paracusis dysharmonica; he himself could recall several. He thought, however, that they bad all been associated with what, by ordinary tests, had proved to be middle-ear deafness, in which the cochlea was not involved.
The second point was that in most of his own cases the patients had recovered, and he would like to know whether in the case described by Dr. Gray that patient also had recovered. If so, was there likely to have been degeneration of ganglion cells ? If the cells had degenerated, was it possible for them to have recovered? His own impression was that ganglion cells did not regenerate.
Mr. G. WILKINSON said that Dr. Gray and himself had often discussed the value of Helmholtz's work on the cochlea. His own view was that Helmholtz had explained practically everything about the cochlea, except what Dr. Gray himself had since explained. Helmholtz did not know of the graduation of the spiral ligament, which provided the key to the whole problem. Nor did Helmholtz recognize the principle of maximum stimulation. He (the speaker) did not think that that authority could be accused of having stated that vibrations of the basilar membrane were narrowly localized to small sectors. He would instance the observation on " shakes," by which Helmholtz tried to estimate how far the disturbance of the basilar membrane, in response to a pure tone, extended along the membrane. He concluded that the limits of the disturbance covered two whole tones, which would mean about one millimetre of the length of the membrane.
With regard to the principle of maximum stimulation, he thought that it must be admitted, and that it played a necessary part in the interpretation of the resonance theory. Dr. Gray had pointed out a close parallel in the sense of touch, and Rayleigh referred to an analogous phenomenon in the sense of sight. These must also be referred to the integration of nervous impulses in the brain. There were probably many mechanisms in the brain which supplemented the limitations, and rectified the errors of the physical instruments through which we received sense impressions. In the case of the location of the maximum point of stimulation, this might be brought about by the inhibition of the passage to the centre of the weaker stimuli transmitted from the periphery of the vibrating area of the basilar membrane by the stronger stimuli excited at the maximum point.
With regard to confusion of pitch; the cases of which he had heard were mostly referable to some condition of general health, probably a nervous condition affecting the integrating mechanism of the brain. Budde had described his own case: When he was recovering from typhoid fever during the war, some of his fellow officers were playing the piano, and to him it was like a confusion of noises without distinguishable pitch; he attributed this fact to his nervous condition.
The other condition-diplacusis, in which a difference of pitch was experienced in the two ears-seemed usually to be associated with catarrhal conditions in one ear. A general shift of pitch in one ear might be most readily accounted for by a rise of pressure in the labyrinthine fluids in that ear. This would have the same result as raising the tension of the basilar fibres throughout. There were certain cases (investigated by Reve'sz) in which diplacusis existed as a permanent condition, and in these cases the explanation of a difference of labyrinthine pressure in the two ears seemed less applicable.
Mr. LOWNDES YATES said that one point had occurred to him in connexion with this theory of the alteration of the pitch. When one struck a selected tuning-fork and placed it on the mastoid it was not uncommon to find that a certain note was heard, but on listening to it by air the note was different. That was referred to by Lord Rayleigh as the rule. He (the speaker) did not think anybody knew the reason. Further, if the fork was struck and listened to by air by a person who had a very prolonged bone-conduction, he heard the rise in pitch; he heard it as if he were hearing it on the bone, not as if he heard it through the air. That would account for an alteration of pitch in certain cases; whether it would be so in the case now reported he did not know.
In cases of the pure Hartman type of deafness, with perception of upper tones diminished, the person was apt to hear the fork as a lower tone when it was placed on the bone than when it was listened to through the air. He knew of no explanation for this, and it afforded physical evidence of a failure of recognition in pitch. It might simply be solme condition like that found when prolonged bone conduction was present.
Mr. WATKYN-THOMAS said that he had seen four or five cases of paracusis dysharmonica, and iD three or four of them there appeared to be middle-ear deafness; there was Eustachian obstruction and a catarrhal exudate. The condition had cleared up with treatment. In the particular patient to whom he referred the Eustachian tube was clear, and the only sign at first was this paracusis. It was fairly high up in the scale. It did not clear up, and two years later the patient had a definitely proved otoselerosis. In that instance the first deposit must have been in the cochlea, a fact which would account for the dysharmony, very much on the lines Dr. Gray had suggested.
Mr. W. S. TUCKER, in reference to Witmaack's experiments, said that the guinea-pig was subjected to a prolonged loud sound of a definite frequency. The structure of the tympanum, and of the ear generally, was such that if it was subjected to a strong, pure note a distortion would occur and harmonics would be found to be coming up, just as with a loud speaker which was receiving too much current. He wondered whether there was a lesion higher up the scale, corresponding to these harmonics.
Dr. A. GRAY (in reply) said the President wondered why, in these cases, the patients usually recovered. They did recover, yet it was also quite true that they usually had an affection of the middle ear. He did not mean that the cells of the spiral ganglion were degenerated; as he had said in his paper, the lesion was not in the ganglion spirale. but between that and the organ of Corti. Further, the lesion was not a destruction, but a suspension of function. Even stagnation of blood in a nerve led to suspension of its function, but that did not mean that the nerve-fibre was permanently degenerated. The condition might well, and usually did, recover. It was in such cases that the middle-ear condition produced an increased tension in the labyrinth; and if the patient was in a low state of health stagnation of blood would be more likely to occur. Hence, when one inflated the middle ear, the stapes was drawn out, the blood current was resumed in the labyrinth and the nerve began to recover its function. If the cells in the ganglion spirale had undergone degeneration the condition would be permanent. It was true that in the majority of these cases the patients made a good recovery.
He was much interested in the case which went on to otosclerosis, mentioned by Mr.
Watkyn-Thomas. The fact of its remaining permanent could be explained by the changes in the bone in the lamina spiralis, or it might have been a deposit in the basilar membrane.
The nerve-fibres might be finally destroyed. However, the permanency or impermanency did not concern one much in this present connexion. It was only necessary that the functions should be suspended, not destroyed. He had been asked why the middle-ear condition should cause what he had described.
He (the speaker) would look upon this interference with the nerve functions only as secondary, i.e., secondary to interference with the blood supply in the cases in which recovery took place. It was not a matter of the ganglion spirale degenerating. With regard to the difference between Mr. Wilkinson and himself: Helmholtz admitted that a few fibres on each side of the membrane could vibrate. But when he was asked by the physiologists why then did we not hear a number of notes when one note was sounded externally, he could give no answer.
He had not come across congenital cases. Certain fibres might be undeveloped and cause diplacusis.
Referring to the point raised by Dr. Lowndes Yates as to bone conduction, there was the difficulty here that both ears came into play. The explanation given above might extend to binaural diplacusis, or it might not. Barany limited it to cases in which only one ear was affected, and there was no possibility of binaural confusion. When, however, one met with a case in which the condition was unilateral, one knew that the lesion could not be above the medulla.
In reply to Mr. Tucker, he (Dr. Gray) asked whether a pure tone, long continued, would be loud enough in the experiment to produce harmonics in the ear itself? If so, there might be found some corresponding degeneration in the cochlea. He hoped to carry out similar work during the coming year, with new methods of preparing the labyrinth, so that there would be complete series of sections.
Mr. W. S. TUCKER said there was no doubt that when a very intense and pure note came from a loud speaker, harmonics were produced in the ear because of a lack of symmetry in the ear through the loading of the tympanic membrane.
Demonstration of a Model Resonator, designed to illustrate the Mechanism of the Cochlea.
By GEORGE WILKINSON, F.R.C.S.
IN considering the cochlea as a possible resonating system, I would suggest that the most direct line of approach to the problem is somewhat as follows. The basilar membrane appears to be the only possible resonating structure in the cochlea. If it does actually function by resonance, its reactions extend over some 10 octaves. Consequently, it should show a differentiation of structure in its parts corresponding to this extensive range of its reactions. Suppose, for simplicity, we take the limits of pitch perception as 20 to 20,000 d.v. per second: on the basis of the formula for vibrating 21 m, strings this implies that if the differentiation were by reason of the length of the basilar fibres alone, the longest would require to be one thousand times longer than the shortest, or, if it were by mass or tension alone, the proportion would be 1 to 1,000,000. We know from anatomical observation that the length of the basilar fibres varies between the limits 1 to 3. This leaves a variation of 333 units of frequency to be accounted for by variations in tension or mass, or both concurrently. If the variation were of tension alone, the tensions would have to have a range of 1 to 111,000. Have we evidence of variation in the tensions of the basilar fibres ? The answer is supplied by the striking variations in density and bulk of the spiral ligament attaching the basilar fibres to the outer wall of the cochlear galleries, which was first poinited out by Dr. Gray in 1900. It would be difficult to give any alternative explanation of this striking graduation of the spiral ligament other than that of a corresponding graduation of tensions of the basilar fibres, and indeed it would be difficult to imagine any other means by which such a graduation could be effected. But if tension alone is concerned, the necessary range of tensions seems excessive. It is hundreds of times greater than the range of tensions employed in any of our stringed instruments. The lowest tensions must be sufficient to straighten out the fibres, and to provide an appreciable resistance to deformation of the fibres by stresses acting across them, whilst the highest tensions must be sufficiently below the breaking strain to leave a margin of safety. There must be very few kinds of fibres that would stand up to such an extensive range of tensions.. Is there any indication in the cochlea of a graduation of mass such as would lower our estimate of the range of tensions required to give the full pitch range ? In former writings I have suggested that the indication of graduation by mass is to
